HM0601 consists of Allium hookeri and Lycium chinense fruit and contains a lot of rutin. Here, we ascertained whether HM0601 and its major compound rutin reduce proliferation of human mast cell line, HMC-1, under thymic stromal lymphopoietin (TSLP) stimulation. Therapeutic rutin or HM0601 treatment considerably reduced proliferation of mast cells without exposing activated HMC-1 cells to any cytotoxicity. Reduced levels of mouse double minute 2 and phosphorylated signal transducers and activators of transcription 6 were accompanied by treatment with rutin or HM0601. In TSLP-stimulated cells, rutin or HM0601 treatment significantly impaired levels of interleukin (IL)-13 and Bcl2 expression. Notably, rutin or HM0601 treatment returned Bax and phosphorylated p53 protein levels and caspase-3 activities impaired by TSLP. In addition, levels of inflammatory cytokine were considerably reduced by treatment with rutin or HM0601 on TSLP-stimulated cells. In conclusion, these results indicate that HM0601 can be used as a new therapeutic herbal drug for prevention and therapeutic intervention of allergic inflammatory diseases.
A B S T R A C T
HM0601 consists of Allium hookeri and Lycium chinense fruit and contains a lot of rutin. Here, we ascertained whether HM0601 and its major compound rutin reduce proliferation of human mast cell line, HMC-1, under thymic stromal lymphopoietin (TSLP) stimulation. Therapeutic rutin or HM0601 treatment considerably reduced proliferation of mast cells without exposing activated HMC-1 cells to any cytotoxicity. Reduced levels of mouse double minute 2 and phosphorylated signal transducers and activators of transcription 6 were accompanied by treatment with rutin or HM0601. In TSLP-stimulated cells, rutin or HM0601 treatment significantly impaired levels of interleukin (IL)-13 and Bcl2 expression. Notably, rutin or HM0601 treatment returned Bax and phosphorylated p53 protein levels and caspase-3 activities impaired by TSLP. In addition, levels of inflammatory cytokine were considerably reduced by treatment with rutin or HM0601 on TSLP-stimulated cells. In conclusion, these results indicate that HM0601 can be used as a new therapeutic herbal drug for prevention and therapeutic intervention of allergic inflammatory diseases.
I N T R O D U C T I O N
Mast cells are developed from hematopoietic stem cells found in spleen and bone marrow, and their differentiation is initiated by stem cell factor and interleukin (IL)-3 [1]. Mast cell progenitors go in the circulation and then become mature mast cells after entering tissues under influence of cytokines and growth actors in the local microenvironment [2] . Matured mast cells were proliferated and activated by various antigens and play a critical role in allergic disorders such as atopic dermatitis (AD), asthma, and allergic rhinitis [3] . Thus, mast cell is generally recognized as an important cell in allergic inflammatory reactions [1] .
Thymic stromal lymphopoietin (TSLP) has been implicated in the occurrence of AD and asthma [4] . TSLP plays on multiple cell lineages, including mast cells, T cells, natural killer cells, dendritic cells, and eosinophils, by regulating survival and proliferation and linking innate and acquired immune reactions [5] . TSLP has become a potential therapeutic target for inflammation because TSLP develops allergic inflammation by increasing Th2 responses [6] . TSLP leads bone marrow-derived progenitors to mast cell [4] . TSLP increased the mouse double minute 2 (MDM2) and phosphorylated signal transducers and activators of transcription 6 (pSTAT6) protein levels [4] . Previously, we reported that deficiencies of MDM2 and pSTAT6 diminished TSLP-induced mast cell proliferation and reduced AD reactions [4] . Allium hookeri has been consumed as medicinal food and contains a lot of rutin as an active ingredient. It is known to various biological properties such as antioxidant, antiobesity, antimicrobial, anti-inflammatory, and antiallergic effects [7] [8] [9] [10] [11] [12] . Rutin, a quercetin-3-rhamnosylglucoside, has anti-inflammatory, antitumor, antiallergic, and vasoactive properties [13, 14] . However, A. hookeri may also cause side effects such as skin problems or headache. Fruit of Lycium chinense Miller (LF) grows in Asia and has antimenopause, neuroprotective, and anti-inflammatory properties [15] [16] [17] . In addition, LF has been used to maintain body homeostasis in Korean medicine. We screened out a new healthful drug HM0601 which is composed of A. hookeri (50%) and LF (50%) to investigate the effects of A. hookeri and LF. In this study, we studied how HM0601 and its active compound rutin regulate allergic inflammatory reactions on TSLP-stimulated human mast cell line, HMC-1 cells.
M A T E R I A L A N D M E T H O D S
Preparation of HM0601 and rutin HM0601 was provided by the Korea Bio Medical Science Institute (Seoul, Republic of Korea). HM0601 was boiled with distilled water (DW) at 80°C for 3 h. The crude extracts were filtered and concentrated in vacuo at 60°C. It was lyophilized. The extract yield of HM0601 was about 16% (w/w). The HM0601 was dissolved in DW and filtered using a 0.22-lm syringe filter and kept at 4°C. Rutin (purity: 99%, Wako Pure Chemical Industries, Osaka, Japan) was prepared by dissolving it in DW and then diluting with DW.
BrdU assay HMC-1 cells were incubated in Isocove's modified Dulbecco's medium (Gibco BRL, Grand Island, NY, USA) supplemented with 100 units/mL of penicillin, 100 lg/ mL of streptomycin, and 10% fetal bovine serum (Gibco BRL, Grand Island, NY, USA) at 37°C in 5% CO 2 with 95% humidity. Cell (1 9 10 4 ) proliferation was determined using a colorimetric immunoassay based on the measurement of BrdU incorporated by DNA synthesis (Roche Diagnostics GmbH, Mannheim, Germany).
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay HMC-1 cells were seeded in 24-well plate, and then different concentrations of rutin or HM0601 were added to each designed well for 48 h. MTT solution (5 mg/ mL, Sigma Chemical Co., St. Louis, MO, USA) was added to each well, followed by incubation at 37°C for 4 h until MTT formazan was formed. The supernatant was removed, and the formazan crystals were dissolved in dimethyl sulfoxide. Then, the optical density was measured at wavelength 540 nm using an ELISA reader.
Western blot analysis
Protein extracts were prepared by a detergent lysis procedure. Samples were heated 95°C for 5 min and briefly cooled on ice, and 100 lg aliquots were resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The resolved proteins were transferred to nitrocellulose membrane in 25 mM Tris, pH 8.5, 200 mM glycerin, and 20% methanol at 25 V. And then nitrocellulose membranes (Millipore, Bedford, MA, USA) were blocked for 2 h with 1 9 phosphate-buffered saline (PBS) containing 5% skim milk and incubated with MDM2, pSTAT6, STAT6, p53, pp53, Bcl2, Bax, Poly-ADP-ribose polymerase (PARP), and actin antibodies (Santa Cruz Biotechnology, Dallas, TX, USA) overnight at 4°C. Afterward, the nitrocellulose membrane was washed five times for 15 min with PBS containing Tween 20 and secondary antibodies conjugated with peroxidase (Santa Cruz Biotechnology) for 40 min. Proteins were visualized by an enhanced chemiluminesence assay (Amersham Co., Newark, NJ, USA).
Cytokines assay
The levels of IL-13, tumor necrosis factor (TNF)-a, and IL-6 were determined using a sandwich enzyme-linked immunosorbent assay (ELISA) method according to the manufacturer's instructions (BD Biosciences Pharmingen, San Diego, CA, USA). The level of IL-1b was also determined using a sandwich ELISA method according to the manufacturer's instructions (R&D Systems Inc., Minneapolis, MN, USA).
Quantitative real-time PCR
Using an easy-BLUE TM RNA extraction kit (iNtRON Biotech, Sungnam, Korea), we isolated the total RNA from HMC-1 cells in accordance with the manufacturer's specifications. The concentration of total RNA was determined by NanoDrop spectrophotometry (Thermo Scientific, Worcester, MA, USA). Total RNA (2.5 lg) was heated at 75°C for 5 min and then chilled on ice. Each sample was reverse-transcribed to cDNA for 60 min at 42°C using a cDNA synthesis kit (iNtRON Biotech, Sungnam, Korea). Quantitative real-time PCR was performed using a SYBR Green master mix, and the detection of mRNA was analyzed using an ABI StepOne real-time PCR System (Applied Biosystems, Foster City, CA, USA). We performed real-time with the following primers: IL-13 ( AAA TCC GTT GAC TCC GAC CTT 3 0 ). The level of the IL-13 mRNA was normalized to the level of the GAPDH and compared with the control. All data were analyzed using the DDCT method.
Caspase-3 assay
The enzymatic activity of caspase-3 was assayed using a caspase-3 colorimetric assay kit (R&D Systems Inc.) according to the manufacturer's protocol.
Statistics
All results are representative of three independent experiments with duplicate and expressed as the mean AE standard errors of means (SEMs). The statistical evaluation of the results was performed by an independent t-test and an ANOVA with a Tukey post hoc test using SPSS statistical software (IBM Corporation, Armonk, NY, USA). Results with a P-value of <0.05 were considered significant.
R E S U L T S
Regulatory effects of rutin and HM0601 in mast cell proliferation To investigate whether rutin and HM0601 have an antiproliferative effect in TSLP-stimulated HMC-1 cells, BrdU assay was performed. Proliferation of mast cell was significantly increased with respect to treatment of TSLP, whereas the significantly increased proliferative responses were reduced with respect to treatment of rutin with increasing concentrations after 48 h ( Figure 1a , P < 0.05). The antiproliferative effect by HM0601 was also observed under TSLP-stimulated conditions (Figure 1a) . Rutin (10 lM) and HM0601 (10 lg/mL) alone did not affect the mast cell proliferation compared with blank controls (Figure 1a ). In addition, rutin or HM0601 was not found to have cytotoxic effects (Figure 1b) .
Regulatory effects of rutin and HM0601 on protein levels of MDM2 and pSTAT6 MDM2 and STAT6 have important roles in TSLPinduced mast cell proliferation and are associated with inflammatory reactions [4] . Thus, to investigate whether the inhibition of proliferation by rutin and HM0601 was due to a decreased MDM2 and pSTAT6 protein level, protein levels of MDM2 and pSTAT6 were analyzed by Western blotting. The results showed that incubation with rutin or HM0601 in the presence of TSLP reduced the expression of MDM2 and pSTAT6 proteins in HMC-1 cells (Figure 2) . Intensities of protein bands were showed an average of 88.9% and 98.3% downregulation of MDM2 and pSTAT6 proteins, respectively, after treatment with the rutin at 10 lg/ mL compared with the TSLP alone (Figure 2c) . Inhibition rates for MDM2 and pSTAT6 proteins by HM0601 treatment were approximately 99.6 and 100.4%, respectively (Figure 2c ).
Regulatory effects of rutin and HM0601 on levels of IL-13 IL-13 is a mast cell growth factor and exaggerated inflammatory reactions [4, 18] . Thus, the effects of rutin and HM0601 on IL-13 production were determined by an ELISA method. When HMC-1 cells were treated with different concentrations of rutin together with TSLP for 24 h, a significant concentrationdependent inhibition of IL-13 production was detected ( Figure 3a , P < 0.05). As shown in Figure 3a , HM0601 treatment also effectively inhibited the IL-13 production from activated HMC-1 cells (P < 0.05). Next, we determined the effects of rutin and HM0601 on IL-13 mRNA expression of TLSP- stimulated HMC-1 cells using a quantitative real-time PCR. TSLP effectively increased the mRNA levels of IL-13, while rutin or HM0601 treatment effectively reduced the TSLP-induced IL-13 mRNA levels (Figure 3b , P < 0.05).
Regulatory effects of rutin and HM0601 on protein levels of Bcl2, Bax, p53, and pp53 From the above results, rutin and HM0601 effectively reduced the TSLP-induced mast cell proliferation. TSLP promoted the mast cell proliferation through modulating the apoptotic/antiapoptotic factors [4] . Thus, the effects of rutin and HM0601 on Bcl2, Bax, p53, and pp53 protein levels were determined by Western blotting. The results showed that incubation with rutin or HM0601 in the presence of TSLP reduced the Bcl2 protein expression, whereas Bax, p53, and pp53 protein expressions were increased by treatment with rutin or HM0601 in the TSLP-stimulated HMC-1 cells (Figure 4) . Bcl2/Bax ratio was significantly decreased by treatment with rutin or HM0601 (Figure 4b , P < 0.05).
Regulatory effects of rutin and HM0601 on activation of caspase-3 TSLP reduced caspase-3 activation in mast cell and increased the mast cell proliferation [19] . Thus, the effects of rutin and HM0601 on activation of caspase-3 were determined by caspase-3 assay. As shown in Figure 5a , rutin (1 and 10 lg/mL) or HM0601 treatment effectively increased the activation of caspase-3 in activated HMC-1 cells (P < 0.05). The caspase-3 induced cleavage of PARP during apoptosis [20] . The effects of rutin and HM0601 on the PARP cleavage were determined by Western blotting. The results showed that TSLP reduced the PARP cleavage, whereas rutin or HM0601 increased the cleaved PARP protein levels in TSLP-stimulated HMC-1 cells (Figure 5b,c) . Regulatory effects of rutin and HM0601 on production of TNF-a, IL-1b, and IL-6 Finally, we evaluated the effects of rutin and HM0601 on production of inflammatory cytokines. TSLP effectively increased the protein levels of TNF-a, IL-1b, and IL-6 in HMC-1 cells ( Figure 6 , P < 0.05), whereas rutin (1 and 10 lg/mL) or HM0601 treatment significantly reduced the TNF-a, IL-1b, and IL-6 production in these cells ( Figure 6 , P < 0.05).
D I S C U S S I O N
In this study, we showed that antiproliferative effects by rutin and HM0601 were observed under TSLP-stimulated conditions. In addition, rutin and HM0601 decreased the levels of MDM2, pSTAT6, IL-13, Bcl2, and inflammatory cytokines and increased the levels of p53 and caspase-3 activity.
AD is a type of chronic inflammation of skin with specific Th2-mediated inflammatory mechanisms [3] . Mast cell is implicated in the pathophysiology of AD [21] . Keratinocyte-derived TSLP plays crucial roles in regulating Th2 cell-mediated inflammation [22] . TSLP induces the proliferation and differentiation of mast cells, and proliferation of TSLP-induced mast cells was diminished by depletion of MDM2 and STAT6 [4] . Expression of MDM2 occurs in various cancer cells, and MDM2 accelerates inflammatory reaction in tissues [4, 23] . Thomasova et al. [23] reported that inhibition of MDM2 has powerful antiinflammatory activities. STAT6 plays a critical role in acquired immunity through signal transduction pathways by TSLP [4, 24] . In addition, TSLP accelerates allergic inflammatory reactions via activation of MDM2 and STAT6 [4, 25] . In this study, we demonstrated that rutin and HM0601 reduced the proliferation of mast cell and protein levels of MDM2 and pSTAT6 in the TSLP-stimulated HMC-1 cells.
IL-13 activates STAT6 resulting in Th2 cells polarization of the immune system [26] . IL-13 acts a critical role in development of allergic inflammation [27] . IL-13 and TSLP are required cytokines for the occurrence of allergic inflammation. IL-13 induced TSLP expression in nasal tissue of mice in a STAT6-dependent manner [28] . Levels of IL-13 in aged rutin-fed mice group were lower than control mice group [29] In this study, we observed that rutin and HM0601 abrogated the levels of IL-13 in the TSLP-stimulated HMC-1 cells.
Therefore, these results demonstrate that the antiallergic inflammatory effects of rutin and HM0601 might be derived through the regulation of IL-13. Apoptosis occurs in multicellular organism and is a fundamental biological process that depends on caspases activities [30] . Caspases activate tumor suppressor p53, and then p53 induces apoptosis through the induction of cell cycle arrest [31] . Massive p53-dependent apoptosis was induced by deficiency of Bcl-2 [32] . Among the caspases, caspase-3 is an important executor of apoptosis [33] . During the apoptosis, caspase-3 cleaved and inactivated PARP, which is a nuclear enzyme implicated in DNA repair system [34, 35] . However, Racke et al. [36] reported that caspase-3 activation was predominantly induced without any apoptotic morphological changes. A study carried out by Miossec et al. [37] demonstrated that caspase-3 precursor is massively cleaved into its active form during T-lymphocyte proliferation without inducing any form of cell death. In our previous study, we showed that actractylenolide III increased caspase-3 activation decreased by TSLP, but it did not affect apoptosis [38] . Chen et al. [39] reported that rutin induced cell cycle arrest and induced apoptosis of neuroblastoma by modulating the expression of apoptotic proteins. Furthermore, our data demonstrated that rutin and HM0601 suppressed the Bcl2 levels and increased the Bax, caspase-3 activation, and cleaved PARP levels in the TSLP-stimulated HMC-1 cells, although the precise mechanism of rutin and HM0601 on apoptosis is not known at this time. In addition, regulation of p53 activity is through multiple mechanisms, one of which is phosphorylation [31] . In this study, rutin and HM0601 increased the expression of p53 as well as pp53. Therefore, it is conceivable that rutin and HM0601 have an antiproliferative effect by inducing caspase-3 activation. However, further study will be needed to elucidate effect and mechanism of rutin and HM0601 on apoptosis signal pathway.
Mast cell is considered to act a critical role in allergic inflammatory responses, as many patients with allergic inflammatory diseases exhibit promoted mast cell numbers and increased levels of mast cell-derived mediators [40, 41] . TSLP induces the production of IL-1b, IL-6, IL-8, and TNF-a from mast cells [37] . In the present study, we showed that rutin and HM0601 reduced the productions of TNF-a, IL-1b, and IL-6 on the TSLP-stimulated mast cells. Therefore, these results demonstrated that Figure 6 Regulatory effects of rutin and HM0601 on cytokine production. Cells were pretreated with rutin or HM0601 and then stimulated with thymic stromal lymphopoietin (TSLP) (20 ng/mL) for 8 h. Levels of cytokine in culture supernatants were measured by ELISA method.
# P < 0.05; significantly different from unstimulated cells, *P < 0.05; significantly different from TSLP-stimulated cells. 
C O N C L U S I O N
Korean medicines are widely used to treat various diseases in clinical, although its precise mechanism has been elucidated poorly. In this study, we demonstrated for the first time that rutin and HM0601 inhibited the mast cell proliferation, MDM2, pSTAT6, and IL-13 expression, and inflammatory cytokine production. In addition, rutin and HM0601 increased the p53 expression and caspase-3 activation in the TSLP-stimulated HMC-1 cells. In conclusion, these results indicate that HM0601 can be used as a new therapeutic herbal drug for prevention and therapeutic intervention of allergic inflammatory diseases. 
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A B B R E V I A T I O N S
AD -atopic dermatitis DW -distilled water ELISA -enzyme-linked immunosorbent assay IL -interleukin LF -Lycium chinense Miller MDM2 -the mouse double minute 2 MTT -3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide PARP -Poly-ADP-ribose polymerase STAT6 -signal transducers and activators of transcription 6 TNF -tumor necrosis factor TSLP -thymic stromal lymphopoietin
